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WOOD ANATOMY OF MUTISIEAE (COMPOSITAE)

Suerwin CARLQUIST

The Claremont Graduate School, Rancho Santa Ana
Botanic Garden, Claremont, California

INTRODUCTION

Of the numerous arboreal and shrubby Compositac which
occur in tropical regions, relatively few have been studied
with respect to wood anatomy. Although this neglect may
derive partly from the limited commercial importance of
composite timbers and partly from the unfamiliarity of the
botanist with the tropical representatives of the family, the
phylogenetic and taxonomic aspects of wood anatomy of
Compositac merit attention. The tribe Mutisieae, occurring
largely in tropical and subtropical North and South America,
is distinguished by its high proportion of woody genera.
Because certain Mutisieae contain characters which are
seemingly archaic for the family, the wood anatomy of
this tribe becomes of particular interest. Moreover, under-
standing of wood anatomy of composites should aid in
demonstrating phylogenetic trends within the family at
large, perhaps in regard to the question as to whether Com-
positae are ancestrally woody or herbaceous. In woods of
Compositae, even the least specialized conditions are rela-
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tively advanced, compared to woods of other dicotyledons;
only simple perforation plates have been found in vessels
of Compositae, for example. However, sufficient variation
in a number of characters is present, so that phylogenetic
interpretations seem warranted.

In the present study, an attempt was made to secure wood
of as many truly woody Mutisieae as possible. Most of thesc
belong to the subtribe considered most primitive, Goch-
natinae (Hoffmann, 189o). The study was particularly
enhanced by the availability of an excellent series of materials
of Mutisieae recently discovered in the Guayana Highland
of Venezuela by Maguire and others (Maguire, et al., 1953,
1957). These mutisioids are believed by Maguire (1956) to
form a phylogenetic unit, with Stenopadus and allied genera
(Stomatochaeta, Chimantaea, Quelchia) forming, together
with Stifftia, an Amazonian genus, the most primitive ele-
ments in Gochnatinae. Gongylolepis and allies (Achnopo-
gon, Duidaea, Neblinaea) are considered closely-related
primitive elements of the subtribe Gerberinae (Mutisinac
of Hoffmann). The monotypic genus Glossarion, from the
same area, is of uncertain position with regard to these two
groups. The writer wished to determine if data from wood
anatomy support Maguire’s hypothesis, and, if so, how the
xylem in genera with shrubby habit (Stomatochaeta, Quel-
chia, Acbnopogon, Duidaea, Neblinaca, and Glossarion), or
megaphytic habit,! (Chimantaca) compares with the xylem
of the trees Stenopadus, Gongylolepis, and Stifftia.

In addition to species from Guayana, a varied assemblagc
of Mutisieae forms the basis for this study. Cricothammus
(Argentina), Flotovia (Chile), Hesperomannia (Hawaii),
Nouelia (Yunnan), and Stifftia (Brazil) are freely-branched
trees. Anastraphia (West Indies), Barnadesia (South
America), Chuquiragua (South America), Hecastocleis
(southwestern United States), Lycoseris (Peru), Proustia
(South America), and Trixis (United States—South America)
are shrubby, while Wunderlichia (Brazil) is a megaphyte.

*“Megaphyte” is used in the sense of Cotton (1944) for a rosettc
plant which forms a single thick stem by prolonged growth.
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According to the treatment of Hoffmann (189o), all of
these belong to the subtribe Gochnatinae, with the exception
of Barnadesia, Nouelia, and Proustia (Mutisinae) and Trixis
(Nassauvinae).

MATERIALS AND METHODS

Most of the woods studied were available as samples of
large stems or logs, although in some instances two to five-
year-old twigs provided the only material. In either case,
these were boiled, soaked for about three months in com-
mercial-strength hydrofluoric acid, and sectioned on a
sliding microtome. Sections were stained with safranin, and
mounted in Canada balsam. Wood macerations were pre-
pared to confirm measurements and anatomical details. Scts
of wood sections employed in this study have been dis-
tributed to the wood slide collections of the Yale School
of Forestry and of Harvard University.

The writer wishes to express his gratitude to Dr. William
L. Stern for wood samples from the Yale collections, to Dr.
Bassett Maguire for materials from the New York Botanical
Garden, and to Dr. Lincoln Constance, who collected
woods of South American Mutisieae for the writer. In
addition, appreciation is extended to the curators of the
University of California Herbarium, Berkeley, and the
Rancho Santa Ana Botanic Garden Herbarium for the use
of their materials. Particular acknowledgment is duc Dr.
I. W. Bailey, who interested the writer in problems of
wood anatomy in Compositae, sent him materials from the
Harvard wood collections, and offered numerous helpful
suggestions in the preparation of the manuscript.

Anaronmicar DEscrIPTIONS

Table 1 summarizes the features of wood anatomy in
which significant variation was observed among the taxa
investigated. In the second column, the source of each speci-
men is indicated, giving either the Harvard (H) or Yale
(Y) wood collection accession number, or the herbarium
specimen which documents a wood sample or from which
a wood sample was taken. Herbarium abbreviations are
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according to Lanjouw and Stafleu, Index herbariorum, ed.
3, 1956. The names given for woods studied are in accord-
ance with the voucher specimens studied with two excep-
tions. Gongylolepis Martiana is considered the correct name
for Y-41538 (G. Maroana Badillo). Wunderlichia mirabilis
is given here as the name for Glaziou 2168G, since the

Table 1. CHARACTERS OF W0OD ANATOMY IN MUTISIEAE

SPECIES

WOOD COLLECTION OR
HERBARIUM SPECIMEN NO,

Achnopogon virgatus Maguire, et al.
Anastraphia Cowellii Britton

A. enmeantba Blake

A. Northropiana Greeman
Barnadesia Dombeyana Less.
Chimantaea mirabilis Maguire, ct al.
Chugquiragua insignis H. & B.
Crnicothanmus Lorentzii Griseb.
Duidaea pinifolia Blake

Flotovia leiocephala Wedd,

Glossarion rhodantbum Maguire, et al,

Gongylolepis Martiana (Baker)
Steyermark & Cuatrecasas
Hecastocleis Shockleyi Gray
Hesperomannia arborescens Gray
Lycoseris triplinervia Less.

Neblinaea promontorium Maguire, et al.

Nouelia insignis Franch.

Proustia pungens Poepp.

Quelchia X grandifiora Maguire, et al,

Stenopadus cucullatus Maguire

Stifftia chrysantba Mikan

Stomatochaeta cymbifolia (Blake)
Maguire, et al.

Trixis califormica Kell.

Wunderlichia mirabilis Ried.

Steyermark & Wurdack 742 (NY)
Howard 5098 (A)

Y-7468

Y-4267

Constance 2227 (UC)
Steyermark & Wurdack 821 (NY)
Y-44410-A

H-20692

Steyermark 58143 (GH)
Constance 10732 (UC)

Maguire, et al. 37190 (NY)
Y-41538

Hutch 7682 (RSA)

Carlquist H29 (UC)

Constance 2288 (UC)

Maguire 37009 (NY)

Rock 11714 (A)

Rossi 490 (RSA)

Steyermark & Wurdack 755 (NY)
Maguire 35053 (NY)

Y-40071

Steyermark & Wurdack 509 (NY)

Balls 18829 (RSA)
Glaziou 2168G (UC)

*
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herbarium name, W, tomentosa Glaziou, is a nomen nudum,
and the specimen seems referable to the type species of the
genus, W. mirabilis. Although current taxonomic opinion
seems to favor union of Anastraphia with Gochnatia, nomen-
clatural changes have not yet been made, and the former
genus is retained here.

Table 1. CHARACTERS OF WOOD ANATOMY IN MUTISIEAR
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VESSELS

Vessel shape and size—Because vessel diameters and vessel
element length were found to vary greatly within a single
stem, statistical treatment was considered inadvisable. One
measurement which seems to provide a significant figure,
however, is the diameter of the largest vessels observed in
a species. The figures for average length of vessel elements
aid in a rough comparison among the taxa, since some (e. g,
Quelchia) have markedly longer vessel elements than others
(Hecastocleis). The angle the end wall forms with the
horizontal is an interesting figure, since it appears to be
correlated with the narrowness of vessels. Of those species
having vessels 50 microns or less in diameter, nearly all
have end wall angles of 45° or higher. The writer does not
believe that narrower vessels with higher end wall angles
are, in Mutisieae, necessarily indicative of a more primitive
condition; many of the species with high inclination of
perforation plates (end walls) have relatively short vessel
elements, which would be considered advanced according
to the data of Frost (1930). Rather, fluctuation of end wall
angle may be correlated with vessel diameter.

Such a correlation occurs in the Guayana group, and is
apparently related to habit: genera with truly woody habit
(Stenopadus, fig. 7, Gongylolepis, fig. 13) have relatively
wide vessels, the end walls forming an angle of less than 45°
with the horizontal, whereas shrubby or megaphytic genera
(Chimantaea, fig. 9, 10; Stomatochaeta, fig. 115 Quelchia;
Achnopogon, fig. 12; Duidaea, Neblinaea, and Glossarion)
have higher end wall angles, narrower vessels, and, corre-
spondingly, less cross-sectional area of vessels per square
millimeter. Within the genus Gongylolepis such a fluctua-
tion is seen, since G. fruticosa, a shrubby species, has vessels
with a maximum diameter of 35 microns, as compared to
110 for the tree G. Martiana. Quelchia has narrow vessels
with high end wall angles, although vessel clements are
appreciably longer than those of other genera studied.

Other Mutisieae, which appear to be rather advanced for
the tribe, do show short vessel elements with low end wall
angles. Examples are seen in Amnastraphia enneantba, Barna-
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desia Dombeyana, Hecastocleis Shockleyi (fig. 20), Proustia
pungens (fig. 22), Trixis californica, and Wunderlichia
mrirabilis. The pattern of variation in respect to vessel
diameter, vessel element length, and end wall angle does not
permit unequivocal conclusions concerning phylogenetic
changes in these characters. Differences in habit and differ-
ential evolution rates may, in Mutisieae, result in patterns
different from the correlations of Frost (1930) which were
based on a survey of dicotyledons at large.

Vessel arrangement.—In most genera of Mutisieae investi-
gated, the vessels are in radial rows (Wunderlichia, fig. 6;
Stomatochaera, fig. 11; Achnopogon, fig. 12; Nouelia, fig.
23; Flotovia, fig. 24). In some genera, however, vessels are
most often solitary, although radial pairs or limited clusters
may occur. This condition obtains in genera with relatively
wide vessel diameter (Stenopadus, fig. 7; Gongylolepis, fig.
13) and those in which vessels are of moderate diameter
(Hesperomannia, fig. 3; Cnicothammnus, fig. 5). Radial rows
of vessels seem to be the more derived condition, in agree-
ment with Tippo (1946). An example of such specialization
is seen within the genus Gongylolepis, where the reduced
species G. fruticosa has vessels in radial chains, whereas they
are solitary or in limited groups in G. Martigna. Likwise,
the shrubby genera closely related to Gongylolepis (Achno-
pogon, Duidaea, and Neblinaea) show radial rows of vessels.
Radial rows of veeeele have been reported for the mutisioid
genera Flotovia and Gochnatin by Metcalfe and Chalk
(1950).

A eiqniﬁc'mt condition which occurs in some genera
studied is a tendency toward ring porosity. This has been
reported for Proustiz (Record, 1936) and Gochnatia (Met-
calfe and Chalk, 1950) In the genera considered here, a
tendency toward ring porosity is seen prominently in
Hecastocleis Shockleyi (ﬁg 19), Proustia pungens (fig. 21),
and, to a lesser deqree in Flotovia leiocephala (fig. 24) and
we'ﬂ\]v in Nouelia insignis (fig. 23). In each of these, the
ring-porous condition takes the form of more numerous
and larger vessels in early wood, fewer and smaller in late
wood. This is associated with more abundant parenchyma
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in early wood, more abundant fibers in late wood. The
ring-porous habit in these species may be associated with
the markedly seasonal character of their habitats, north
temperate in the case of Hecastocleis and Nouelia, south
temperate for Proustia and Flotovia. Ring porosity in these
latter two genera forms an exception to the thesis of Gilbert
(1940) that ring porosity is exclusively a north temperate
development. Evidence from mutisioid woods supports his
idea, however, that ring porosity is an advanced character.

Lateral wessel walls.—The pattern of intervascular pitting
for wood having attained a mature pattern was observed
to be of three types in the Mutisieae studied: (1) alternate
bordered pits; (2) alternate bordered pits, with superim-
posed helical thickenings; (3) scalariform-transitional. The
basic type seems to be alternate bordered pits (fig. 4, 8, 14,
top of 16). Most genera possess only this type of pitting in
vessels of older stems.

In some taxa, numerous fine striations or helical thicken-
ings appear on the vessels (Neblinaea, fig. 15; Nouelia, fig.
16; Stifftia). In their least conspicuous form, these striations
are grooves which connect the apertures of pits. As develop-
ment of this condition becomes more marked, these grooves
are widened and the intervening areas, which form a helical
pattern in the vessel as a whole, become thickened. Thus, no
clear line can be drawn in these instances between striations
and helical thickenings. In genera with more moderate
development of helices, they are seen most conspicuously on
certain walls of the vessel, such as those facing parenchyma
(fig. 16, below). In such instances, they may form irregular
patterns. In genera with marked development of helices,
they are equally prominent on all walls, and form one or
more continuous bands (Flotovia, fig. 18). Concomitant
with a greater development of thickenings is their presence
on clements other than vessels. Although apparently not
present on wood or ray parenchyma, they occur, in Flotovia,
Hecastocleis, and Proustia, on vascular tracheids and occa-
sionally on fibers. Helical thickenings have been recorded
in Compositae by Record (1936) for Proustia, Flotovia, and
Vernonia. They have been suggested to be an advanced
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character by Frost (1931) and Moseley (1948). Although
Metcalfe and Chalk (1950) are skeptical of this interpreta-
tion, since they note helical thickenings in vessels of less
specialized woods, it seems possible to interpret such
instances as parallel advances in a number of groups with
relatively primitive wood.

Scalariform-transitional pitting characterizes the lateral
vessel walls in older stems of the genera Chimantaea (fig.
17), Quelchia, and Wunderlichia. It is noteworthy in this
connection that all of these genera are relatively herbace-
ous, and Chimantaea and Wunderlichia could be classified
as megaphytes. It is possible that scalariform-transitional
pitting, considered a primitive character by Frost (1931),
has persisted in smaller vessels, and in surfaces that are in
contact with parenchyma. A more likely explanation for the
three above genera, however, seems to be that tracheary
wall thickenings characteristic of primary xylem have been
carried over for considerable distances into the secondary
xylem, a phenomenon which occurs also in “megaphytic”
cycads.

VascuLaR TRACHEIDS

Fiber-tracheids and tracheids are notably absent in Com-
positae, almost all elements being capable of classification
into vessel elements or libriform wood fibers, However, in
four genera of temperate regions (Hecastocleis, Trixis,
Flotovia, and Proustia) imperforate elements with promi-
nent bordered pits are present. In Hecastocleis, F lotovia, and
Proustia, these vascular tracheids occur in early wood, and
are associated with a ring-porous condition (fig. 20, 22).
Although Trixis californica is clearly diffuse porous, vascu-
lar tracheids are a marked seasonal production, appearing in
concentric bands. In Mutisieae, the occurrence of vascular
tracheids seems best interpreted as an advanced character.

FiBERs
Extremely thick-walled libriform fibers are characteristic

of most Mutisieae (Hesperomannia, fig. 3; Cnicothamnus,
fig. 5; Wunderlichia, fig. 6; Stenopadus, fig. 7; Stomatochaeta,
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fig. 11; Achnopogon, fig. 12). In view of this very prevalent
tendency, it is of interest to examine the genera with only
moderately thick fibers. These include genera with ring
porosity (fig. 19, 21, 23, 24), Chuquiragua (fig. 20),
Gongylolepis (fig. 13), Chimantaea (fig. 9), and Trixis.
While the genera of this study are insufficient for any clear
conclusions, it appears that the genera with markedly
thinner-walled fibers are more advanced.

VERTICAL PARENCHYMA

Although all taxa considered have scanty vasicentric
parenchyma, as is characteristic of Compositae at large, only
a few possess apotracheal parenchyma (table 1). Even in
genera where it does occur, apotracheal parenchyma is
rather limited. It is best developed in Hesperomannia (fig.
3), where the concentric bands may be 1—4 cells in width;
it is nearly as conspicuous in the bands of Stifftia (fig. 1,
upper portion of fig. 2), although the rings are only 1-2
cells in thickness. Similar to Stifftia in this respect is Cnico-
thanmus (fig. 5), in which bands are mostly a single cell in
thickness (Burgerstein, 1912). Discontinuous bands of
apotracheal parenchyma are seen in Anastrapbia Northropi-
ana, Gongylolepis Benthamiana, and Glossarion rbodanthum.
This situation parallels that found in Heliantheae (Carlquist,
1957b), in which only the genera Fitchia and Oparanthus
have been found to have concentric or fragmentary bands
of apotracheal parenchyma. The totality of anatomical
characters in both Heliantheae and Mutisieae would seem to
suggest that the presence of apotracheal parenchyma may
be primitive, although further study is needed before this
interpretation can be certain. Apotracheal parenchyma has
heen reported elsewhere in Compositac (Metcalfe and Chalk,
1950), but many of these cases may be referable to special-
ized conditions involving paratracheal parenchyma. At
present, the supposition of primitiveness of apotracheal
parenchyma can rest only on its correlation with less special-
ized conditions in a limited number of species, and a wider
sarvey is necessary before any definite conclusions can be
reached.
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Paratracheal parenchyma is seen most prominently in the
genera possessing apotracheal parenchyma (Stifftia, fig. 1;
Hesperomannia, fig. 3). In these taxa, it forms a complete
sheath, 1-2 cells thick, around each vessel or vessel group.
Other genera, which lack apotracheal parenchyma (e.g.,
Stenopadus, fig. 7; Stomatochaeta, fig. 11; Achnopogon, fig.
12) show incomplete sheathing of vessels by vasicentric
parenchyma. Disappearance of vasicentric parenchyma is
perhaps best interpreted as advanced. As reported by Met-
calfe and Chalk (1950), strands of 1-2 vasicentric paren-
chyma cells are characteristic of Compositae. The writer
could not, however, confirm their finding of 2-4 or 6 cells
in Stenopadus (see fig. 8), the typical condition of 1-2 being
observed in the writer’s material.

When genera with groupings of large numbers of vessels
are considered, the interpretation of wood parenchyma
forms a problem, one which is most apparent in those
genera with a ring-porous tendency. Is all the parenchyma
which is associated with groupings of vessels basically para-
tracheal, referable to the category “vasicentric-confluent”
(Hess, 1950)? or is apotracheal parenchyma also involved
in this grouping? The writer tends toward the former
interpretation, since the presence of degenerate vessels
(vascular tracheids) in such genera as Proustia renders likely
the possibility that all parenchyma is associated with vessels
in the broad sense. An interesting diffuse-porous instance is
shown by Wunderlichia (fig. 6). In this genus, development
of the megaphytic habit has probably been associated with
emphasizing of vessels, expansion of associated parenchyma,
and diminution of the area of fibers, which remain, how-
ever, thick-walled. It seems likely in Wunderlichia, that the
abundance of parenchyma is directly correlated with abund-
ance of vessels, and that only paratracheal parenchyma is
involved (“vasicentric-conglomerate” of Hess, 1950). The
small amount of secondary xylem produced in stems of this
genus does not provide a clear interpretation, however. Tt
is of interest, nevertheless, to contrast Wunderlichia with a
genus quite similar in habit, Chimantaea (fig. 9, 10). In
Chimantaea, the vasicentric parenchyma (probably basic-
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ally quite scanty, as in its closest allies, Stenopadus and
Stomatochaeta) is not expanded, although the cells are lar-
ger, nor are the vessels in Elrger groups. Instead the relatively
soft wood is characterized by thin-walled fibers. In both
Wunderlichia and Chimantaea, the megaphytic habit would
seem to place less emphasis on mechanical strength in the
secondary xylem, and the decrease in areas of thick-walled
fibers in Wunderlichia, or the formation only of thin-walled,
though abundant, fibers in Chimantaea, seem alternative
adaptations to this habit.

Storied parenchyma occurs in some species of Proustia
(Metcalfe and Chalk, 1950), and was observed by the
writer in Hecastocleis (fig. 20). Other elements of the
wood are non-storied. Storied rays, however, have been
reported for the mutisioid genus Gochnatia (Metcalfe and
Chalk, 1950). In view of the very advanced nature of the
wood of Proustia and Hecastocleis, there seems little doubt
that storied parenchyma in these is an advanced character,
in agreement with the proposals of Bailey (1923).

Vascurar Ravs

As indicated in table 1, Mutisieae may have both multi-
seriate and uniseriate rays, or either multiseriate or uniseri-
ate exclusively. Most genera studied have both types of
rays, and could be classified according to Kribs’ (1935)
Heterogeneous Type II. As will be noted from table 1, the
shape of ray cells, as seen in radial section, is either mostly
isodiametric, isodiametric to procumbent, or isodiametric to
upright. Since ray cells of both uniseriate and multiseriate
rays in a particular species were found to follow one of
these patterns, a species could be classified as Heterogeneous
ITA or Heterogeneous IIB according to whether erect or
procumbent cells are present, respectively. Of those species
having both multiseriate and uniseriate rays, most species
possess multiseriate rays limited in width to 2~3 cells (Stifftia,
fig. 2; Stenopadus, fig. 8). Even in those species with wide
multiseriate rays, the central cells do not always show a
tendency toward procumbency (Hesperomannia, fig. 4).
Such instances as Hesperomannia show exception to the



Fig. 19-24—Fig. 19—20. Hecastocleis Shockleyi, transverse, tangen-
tial sections—Fig. 21-22. Proustiz pungens, transverse, tangential
sections—Fig. 23. Nouelia insignis, transection—Fig. 24. Flotovia
leiocephala, transection. In transections, youngest clements arc at top
of photograph. Collections given in table 1. All, X 72.
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description of Heterogeneous II by Kribs (1935). Examples
of genera which do agree with his description in having
procumbent cells in the central portion of the ray include
Gongylolepis (fig. 13) and Prouwstin (Mctcalfe and Chalk,
1950). The wide multiseriate rays of Chinmntaea (fig. 10)
are not to be regarded as multiseriate rays in the same
sense as those of Gonmgylolepis since in Chimantaea the
wide foliar rays are broken up into multiseriate rays rather
tardily, and are present in the outer wood of rather old
stems, a condition seen also in Wunderlichia. Barghoorn
(1941) has noted the tendency for vertical elongation of
ray initials, a tendency which ultimately results in their
conversion to fusiform initials, thus forming a xylem lack-
ing rays. While no ray-less woods were observed in Muti-
sieae, a number show markedly elongate ray cells (e.g.,
Chuquiragua, fig. 14). This tendency towards a predomi-
nance of erect rays cells seems best interpreted as an ad-
vanced character. In most taxa studied, the deviation from
the isodiametric form toward either procumbency or erect-
ness is small, however. The report of square to upright cells
in Stenopadus (Metcalfe and Chalk, 1950) was not con-
firmed on the basis of the writer’s material, which showed
isodiametric to procumbent cells in rays.

A tendency toward the elimination of multiseriate rays
was seen in a number of genera (table 1). In some (e.g.,
Hecastocleis, fig. 14), no multiseriate rays were found. In
accordance with the interpretation of Kribs (1935) and
Barghoorn (1941), this tendency seems to be an advanced
condition in Mutisieae. Absence or scarcity of multiseriate
rays has been reported in Mutisieac by Metcalfe and Chalk
(1950) for Gochnatia, Moquinia, and Stenopadus. In a
similar manner, the nearly complete absence of uniseriate
rays in Proustia, and their absence in Chuquiragua, seem
to be advanced. The writer agrees with Barghoorn (1941)
and Metcalfe and Chalk (1950) that restriction to multi-
seriate rays does not necessarily involve homogeneity in
the ray, as stated by Kribs (1935). The instances of both
exclusively multiseriate and exclusively uniseriate rays show
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heterogeneity in ray structure for thc Mutisieac in which
these occur.

Relative vertical height of rays was found to vary con-
sidcrably among the taxa studied. While those species having
few or no multiseriate rays have relatively short rays, as
one might expect, the species with abundant, wide multi-
scriate rays show cither limited vertical height (Gongylo-
lepis, fig. 13) or almost indefinite height (Chuquiragua, fig.
20). Because of the limited number of genera involved in
this study which show significant differences in ray height,
it seems difficult to draw any conclusions as to the phylo-
genetic significance of such variation within the group.
Attention is called to these differences, however, as con-
spicuous taxonomic characters.

REsin DEposiTs aND CRYSTALS

In Compositae at large, deposition of resins either in
canals, cavities, or ordinary intercellular spaces is common
in vegetative parts of the plant. Compositae are seemingly
lacking, however, in structures specialized for resin deposi-
tion within the secondary xylem. Resin deposits in second-
ary xylem, therefore, are usually formed within vessels,
parenchyma cells, and less often in fibers adjacent to paren-
chyma. Among the photographs shown, conspicuous resin
deposits are seen in Stemopadus cucullatus (fig. 7) and
Cnicothammus Lorentzii (fig. 5), in which many vessels arc
entirely filled with such contents. None of the other species
showed such abundant deposits, although resins can be found
to a small degree in many of the taxa considered.

The report of calcium oxalate crystals in ray cells of
Proustia pungens (Metcalfe and Chalk, 1950) is confirmed
here, although no other Mutisicac were observed to have
crystals within the secondary xylem.

Discussion aAND CONCLUSIONS

The above descriptions show that wood of Mutisieae
varies in a number of characters; the taxonomic pattern of
correlations of these characters has indicated possible phylo-
genetic interpretation. These features have been compared












